Traditional recommendation algorithms measure users' online ratings of goods and services but ignore the information contained in written reviews, resulting in lowered personalized recommendation accuracy. Users' reviews express opinions and reflect implicit preferences and emotions towards the features of products or services. This paper proposes a model for the fine-grained analysis of emotions expressed in users' online written reviews, using film reviews on the Chinese social networking site Douban.com as an example. The model extracts feature-sentiment word pairs in user reviews according to four syntactic dependencies, examines film features, and scores the sentiment values of film features according to user preferences. User group personalized recommendations are realized through user clustering and user similarity calculation. Experiments show that the extraction of user feature-sentiment word pairs based on four syntactic dependencies can better identify the implicit preferences of users, apply them to recommendations and thereby increase recommendation accuracy.
Introduction
With the popularity of the Internet and the integration of the web into people's daily lives, the number of people online continues to grow. According to the statistical report on the development of China's Internet, by June 2019, China had 854 million Internet users, 61.2% Internet penetration rate, and 847 million mobile Internet users, up 29.84 million from the end of 2018, 99.1% of Internet users use mobile phones to surf the Internet [22] .
Regarding the scale of online video use, the number of users in China reached 759 million or 88.8% of all Chinese Internet users. Each major video platform further subdivides into content categories with specialized production and operation based on core product types such as TV series, movies, variety shows and animation. The platforms are continuing to expand into emerging product types such as games, esports and music.
When users go online, they leave behavioral information through browsers and other applications. Through the mining of online user data such as purchase, browsing and rating behaviour, user preferences can be analyzed and applied to the personalized recommendations of goods or services This method, however, does not consider the user's online reviews.
With the development of web3.0, users can express their real opinions and preferences and are keen to do so, as seen in the increasing amount of evaluation information about products or services available on the Internet. This evaluation information will often affect other users' selection decisions. Users' reviews usually contain their subjective opinions and reflect their preferences and emotional tendencies towards the attributes of products or services. By analyzing users' online reviews, we can discover not only the features of products and services and their advantages and disadvantages, but also users' preferences and concerns.
By combining the information in users' online reviews with their basic personal information and online behavioral characteristics, the problems of sparse user data and system cold starts in the recommendation process can be better addressed and more accurate personalized recommendations can be realized.
Literature review 2.1 Online review
User reviews reflect users' sentiments and behavioral decisions [6] and contain users' relevant knowledge, which will add to "Internet word-of-mouth" and have an important impact on other users' purchasing behaviors. At present, the research on the influence of online reviews on user behavior mainly focuses on the two aspects of "the total number of reviews" and "the polarity of reviews". The total number of reviews reflects the "heat" of goods or services, that is, the degree of hot sales. The more the total number of reviews, the more likely it is to arouse users' potential interest and attention. Some studies have shown that the number of online reviews on films is positively correlated with the final box office sales [2] . The "polarity" of reviews refers to the "positive" or "negative" nature of reviews, also known as "sentiment polarity" and "directional nature of reviews", which reflects customers' satisfaction with goods or services [8] .
In 2007, A. Ghose and P. G. Ipeirotis [9] firstly analyzed the influence of subjective and objective tendency and the degree of mixing of subjective and objective tendency on the usability of online reviews for search-type products. In 2010, S. M. Mudambi [15] studied the influence of review polarity, review depth and commodity type on perceived review usefulness by establishing a user evaluation usefulness model. Through numerical simulation, Chen J et al. [4] studied how potential customers form their own opinions under the combined effect of positive and negative reviews. The results showed that users at middle and low levels are often persuaded by online reviews, regardless of their initial opinions on products. However, online reviews have less impact on consumers with higher membership levels, who often make purchase decisions based on their first impressions of the product.
Sentiment analysis
In the related researches at home and abroad, emotion analysis methods can be generally classified into three categories: emotion dictionary-based method, machine learn-based method and linguistic method. The method based on emotion dictionary to judge the polarity of the pending words, which can be regarded as the polarity matching task [17] . Emotion analysis in recommendation systems mainly includes the extraction of attribute words and emotion words and the prediction of attribute words' score [12, 13, 18] . Some literature [12] describes the mining of attribute words and emotion words in users' online reviews based on association rules, taking nouns or noun phrases with high frequency as attribute words. Other literature [20] mentions the extraction of attribute words and emotion words from the review text, and then predicts users' ratings of item attributes based on statistical methods. The approach based on linguistics is mainly to extract the syntactic features of words or phrases through linguistics. Additional literature [1] uses word dependence to show how the emotions of a single phrase affect the emotions of a whole sentence.
The key in machine-learning-based sentiment analysis is to construct a sentiment polarity classifier through a training set and then the classification of subjective reviews [19] . This method does not rely entirely on dictionary or corpus, but relies on the training effect of the classifier, and needs more time to complete the annotation of training data than the dictionary or corpus-based method. Manek et al. [14] proposed a feature selection method for SVM classifier based on the Gini coefficient. Each word in the text is not equally important to the sentiment analysis of the text, and the computer cannot automatically judge the importance of the word. Deng et al. [5] proposed a supervised weight assignment scheme based on the importance of the word in the whole text and the importance of expressing emotion. Review texts lack logicality and most texts are disordered. The supervision of the general learning algorithm accuracy is lower when dealing with disordered text. Perikos [16] designed an integrated classifiers based on three classifiers: the first and the second are statistical (Naive Bayes and maximum entropy) and the third one is a knowledge-based tool performing deep analysis of the natural language sentences.
Recommendation system
Current recommendation systems can be divided into two categories: content based recommendation and collaborative filtering recommendation. A content-based recommendation system [3] looks for similar items based on the similarity of content browsed by different users. Its advantage is simple and effective, but its disadvantage is that it cannot mine the information that new users are interested in.
Collaborative filtering is the most common recommendation system. It was first proposed by Goldberg and other scholars in 1992 and implemented in the Tapestry experimental email system, which enabled users to extract email lists [10] . At present, collaborative filtering is mainly divided into either user-based or project-based collaborative filtering. The basic idea is to use scores to calculate user or product similarity, find the nearest neighbor collection and then make recommendations. Collaborative filtering is a hot research topic in the academic circle. Traditional collaborative filtering methods have disadvantages such as cold starts, sparse data, large amount of data and poor scalability. In order to better solve these problems, scholars are now focusing on the improvement of traditional collaborative filtering.
Wei Wang and Hongwei Wang [21] have applied sentiment analysis technology to recommendation systems, calculated similarity through analyzing the preference polarity (positive and negative) of users for product features and improved the accuracy of the recommendation algorithm by increasing the precision of the nearest set of users. Gan [7] divided the user's sentiment into positive, negative, neutral and conflict types when analyzing the user's review text. They then optimized the collaborative filtering score prediction model according to the emotional tendency expressed by the users to improve the accuracy of the recommendation algorithm.
Recommendation model construction based on sentiment analysis
The recommended process in this article can be described in the following steps, with specific research ideas shown in figure 1.
• Step 1. Get the user ID, user review, item ID, and item score from the user's online reviews.
• Step 2. By using syntactic relation rules, extract sentiment words from each online review and use modified characteristic words to form the feature-sentiment word pairs.
• Step 3. According to the feature words extracted from the feature-sentiment word pairs, find the potential features of L items F = (f 1 , f 2 ...f l ), and then calculate the user's attention λ to each feature of the item.
• Step 4. Calculate the sentimental score of feature words in users' online reviews, calculate the similarity between users, find out the nearest neighbor and make recommendations. 
Commodity information acquisition
In order to verify the actual effect of sentiment analysis on personalized recommendations, this paper adopts the Scrapy method based on the Python programming language to analyze data on the Chinese movie social networking site Douban, which mainly includes user ID, Douban ID, user review and user score. The collected data set includes a total of 215,032 reviews, deletes users with less than 10 movies and all movies with less than 10 reviews in the data table, for a final total of 67376 reviews on 1464 movies by 2283 users.
Film review processing based on feature-sentiment word pair extraction
In order to explore the features of movies described by users and words expressed towards evaluation objects, this paper proposes a syntactic dependency-based extraction method for sentiment words. This method is mainly composed of two parts: (1) natural language processing technology is used to process the film review corpus, such as word segmentation, part-of-speech tagging, and syntactic analysis. The syntactic dependence between sentiment words and evaluation objects is explored.
(2) Use the syntactic dependency rules constructed in the first step to do pattern matching to identify the evaluation objects and sentiment words in the review sentences, to form feature-sentiment word pairs, and extract the feature-sentiment word pairs whose occurrence frequency exceeds 12. Words describing film features are the evaluated objects in the review data. Sentiment words, or opinion words, are the words used in the review text to express users' positive or negative feelings towards the features of the item. For example, in the review "the picture is good", "the picture" represents the feature of the film, and the word "good" expresses a positive sentimental attitude.
Hu used the two syntactic dependencies of subject-verb relation and attribute relation to extract feature words and sentiment words [11] without considering the verb object relationship and the adverbial relationship, resulting in reduced accuracy in the result. Therefore, in this paper, the seed word bank of sentimental words was added in the process of extracting feature words, and adverbial relation and adverb-object relation were added in the whole process of extraction. Finally, this paper considers four kinds of dependency relations in the process of feature-emotion word pair extraction: (1) subject-verb relation (SUV); (2) verb-object relation (VOB); (3) attribute relation (ATT); (4) adverbial relation (ADV). The review data is filtered according to these four dependencies. This method does not need the seed domain feature set, directly extracts real and reliable evaluation object and sentiment word information and does not require any domain knowledge base except the review data set of the item. In addition, it can be applied with good portability to any domain sentiment analysis if the new domain review data is provided. The extraction results of feature words and sentiment words are shown in table 1. 
Movie feature clustering based on dictionary
After the extraction of online review feature-sentiment word pairs, the corresponding noun set was established by using Chinese frequent noun non-item feature rules. The extraction results were filtered from the perspective of Chinese semantic and grammatical knowledge and the frequent words irrelevant to film evaluation were removed. In this paper, a HowNet-based semantic vocabulary similarity calculation method is used to cluster the feature words in the table. The HowNet algorithm is shown in formula 1,where Dis(w 1 , w 2 ) represents the distance between the feature words w 1 and w 2 , while Sim(w 1 , w 2 ) is the similarity between the feature words w 1 and w 2 , and the parameter y can be adjusted according to the actual demand. When Sim(w 1 , w 2 ) is higher than the threshold value, w 1 and w 2 are grouped under the same feature.
With the help of the expanded HowNet dictionary, the similarity among feature words was calculated. According to the similarity results, HowNet classified the candidate feature words into different Table 2 finally summarizes the 27 categories of features mentioned in the user online reviews. Formula 2 is used to calculate the user value attention to each feature film, statistics of users from the set of all reviews various types of key word frequency as molecules, respectively of the total number of key words to users as the denominator, calculate the proportion of the number of key, namely the attention of users for each commodity characteristics, formation of user preference vectors.
Sentiment word score calculation
Sentimental tendency can be divided into three categories: positive, negative and neutral. The function of sentiment analysis is to analyze and infer the sentimental tendency of users. There are two main categories of mainstream sentimental tendency polarity discriminant methods: one is based on the dictionary discriminant method, the other is based on the review corpus discriminant method.
The dictionary discriminant method judges the polarity of the pending word by calculating the similarity between the pending word and the reference word in the standard semantic dictionary. In Chinese sentiment analysis, the most common way is to expand the sentiment dictionary based on the HowNet semantic dictionary or synonym word forest. The review corpus discriminant method relies on lexical cooccurrence frequency or modifier relationship for polarity judgment, such as PMI value and syntactic dependency. Currently, in the study of the identification of sentimental orientation, the artificial sentiment dictionary has a good application and can accurately distinguish the polarity of sentences and words, but it needs a lot of time and manpower to construct.
In the existing research, some scholars identify the sentiment polarity of the unincluded words with the help of the synonym word forest and explore the dependency relationship between the sentiment words and the evaluation objects through syntactic analysis. In order to achieve fine-grained sentiment analysis, some scholars have explored the influence of degree adverbs and their grades on sentimental intensity. This paper adopts the analysis method based on the HowNet sentiment dictionary to identify and calculate the polarity of sentiment words. The HowNet sentiment dictionary itself contains six subfiles, such as the "positive sentiment" thesaurus, the "negative sentiment" thesaurus, the "degree" level thesaurus, and the "proposition" thesaurus. However, online reviews are highly personalized, and many sentiment words are not included in the standard sentiment dictionary and cannot be recognized.
In the process of distinguishing the polarity of sentiment, the degree of closeness between the sentiment word and the reference word of positive meaning (or negative meaning) in the dictionary is calculated first and then the polarity of the sentiment word is determined by the semantic similarity. For a word "w", the polarity discrimination based on the HowNet emotion dictionary is shown in formula 3.
Sim(w, com i )represents the similarity between w and Hownet's commendatory term comi, while Sim(w, der i )represents the similarity between w and HowNet's derogatory term deri. If the calculated so-Hownet(w) value is positive, then the polarity of the emotional word is positive. If it is negative, the polarity of emotion words is negative. If it is 0, then the emotion word polarity is neutral.
In order to realize fine-grained sentiment analysis, it is necessary not only to accurately judge the polarity of sentiment, but also to fully consider the modification function of degree adverbs on sentiment words to provide support for the classification of degree adverbs into analysis of different granularity. In order to distinguish the differences in the emotional intensity of users and take into account the influence of degree adverbs on emotional intensity and the effect of negative words on degree adverbs, this paper divides degree adverbs and negative adverbs into five levels, and sets the corresponding polarity according to the intensity of their emotional expression(see Table3).
Based on the polarity coefficient of degree adverbs given in table 3, the words that do not contain degree adverbs are defined as basic sentiment words, and the words that contain degree adverbs are defined as compound sentiment words. Therefore, the words that conform to the compound sentiment words have the following three categories:
(1) Positive adverbs/negative adverbs + basic sentiment words, indicating the affirmation or negation of the part of speech of the feature words. The sentimental value calculation formula is shown in formula 4. HowN et(wi) represents the sore of basic sentiment word w i , and V wi represents degree adverb polarity coefficient.
(2) Positive adverb + negative adverb + basic sentiment word. After degree adverb, this form of negative word is the determination of negative action. The calculation formula for the score of sentiment shown in formula 5.
S w represents sentiment word score, So − HowN et(wi) represents basic sentiment word score, and D wi represents positive adverb polarity coefficient.
(3) Negative adverbs + positive adverbs + basic emotion words. A negative word before the positive adverb will weaken the negative degree of basic sentiment words. The calculation formula of sentiment words is shown in formula 6.
S w represents the score of emotion words,η represents the degree of weakening of negative words, and its value is between 0 and 1. So − HowN et(wi) represents the score of basic sentiment words w i . D wi represents the polarity coefficient of positive adverbs.
User recommendation based on feature emotion score 4.1 Calculation of sentimental value of feature words
Use the HowNet evaluation dictionary based on the sentimental polarity calculation method to determine the polarity of feature words, and use formulas 3, 4, 5 to calculate the sentimental value of compound sentimental words. Thus, the emotional score G kn of user U on the Nth characteristic word of the Kth attribute feature of a specified item T is obtained. Considering the actual situation, users may use different words to express opinions on the same item features for many times in a review, so formula 7 is adopted to calculate the average score of user U on the f k attribute features of the item.
According to formula 6, the sentimental score of item features in each user reviews can be obtained. By analyzing all the historical reviews of a certain item, the score of different attribute features of the item can be calculated. The score of the feature is expressed by the average score of sentiment of the feature. The calculation formula of the feature score is shown in formula 8. N represents the N reviews on an item, and R k represents the average sentimental score on the Kth trait of an item.
User similarity calculation
In this paper, the cosine similarity method is adopted to calculate the similarity of user a and user b in the review text. Sim(a, b) represents the similarity between user a and user b, Ra represents the review set of user a, R b represents the review set of user b, Ka represents the feature set in user a's reviews, and Ka ∩ Kb represents the intersection of feature levels in user a and b's reviews.
User clustering
According to formula 7, the item sentiment score of users can be obtained. The Kmeans algorithm is used to cluster the item sentiment score and divide users into 7 categories. The user similarity calculated by formula 9 can be used to find the nearest neighbor of the target user's group.
User reviews with ID a5***7b are numerous and always provide high quality reviews. Therefore, "a5***7b" is selected as the target user to find its "nearest neighbor" according to the user similarity, and its nearest neighbor and similarity are shown in table 4. 
Item recommendation generation
First, according to formula 7, the user's score on item features was calculated to obtain the userfeature score matrix, and then the similarity among users was obtained from formula 9 to obtain the K "nearest neighbors" of the target user. Then, the candidate items to be recommended are obtained according to the historical review of the "nearest neighbor", and the score of each feature of all candidate items is calculated by using formula 8. Finally, the personal preference of target users was integrated into equation 10 to predict the score of candidate items.
R k is the predicted score of candidate projects, which is given by formula 8. λ k is the target user's attention to the kth feature, given by formula 2. The final predicted score of each candidate project is sorted in descending order to form the final recommendation list and push to the target user, as shown in table 5.
Experiment results and analysis 5.1 Data preparation
In order to verify the actual effect of personalized recommendation based on emotion analysis, this paper adopts Scrapy method based on python to obtain movie information of douban, including user ID, douban ID, user review and user score. The collected data set includes 215032 reviews, delete users with less than 10 movies and all movies with less than 10 reviews in the data table, and get a total of 2283 users' 67376 reviews on 1464 movies. 
Assessment indicator
Predictive accuracy P represents the probability that the user may like an item in the recommendation list, which can show the accuracy of the recommender system. The formula to calculate predictive accuracy of recommender system is as follow:
P recision =
T rueP ositive T rueP ositive + F alseP ositive (11) Recall rate R represents the proportion of items users like in the recommendation list, which can show users' satisfaction degree with the recommendation results. The higher the recall rate is, the higher satisfaction degree users have. The formula to calculate the recall rate of recommender system is as follow:
T rueP ositive T rueP ositive + F alseN egative (12) 
Result analysis
(1)Extraction effect of feature -sentiment words pairs Taking Douban film review data as an example, based on previous studies, this paper proposes to employ user review data for sentiment analysis to explore features of films and preferences of individual users, improve feature and emotion word extraction methods, and summarize four syntactic dependencies. Based on the four syntactic dependencies, the user reviews are analyzed with fine granularity, which can effectively improve the extraction accuracy of feature and sentiment words.
In order to verify the effectiveness of the feature-sentiment words pairs extraction method proposed in this paper, 1000 reviews were randomly selected from the review data set, and feature words and sentiment words were manually labeled, resulting in 75 feature words and 113 sentiment words. Then, using the method proposed by Hu and Liu as the benchmark, the extraction method of featuresentiment words pairs proposed in this paper is compared.
In this paper, accuracy and recall rate are selected as evaluation indexes, in which accuracy refers to the percentage of extracted correct feature words and sentiment words, and recall rate refers to the percentage of extracted correct feature words and emotion words in labeled words. The experimental results are shown in tables 6 and 7. (2)Recommendation effect analysis By analyzing users' online reviews, this paper classifies movie features into 27 categories to further refine movie features and then statistically obtains users' attention to various attribute features from users' own review collection to form user preferences. User preference is integrated to predict the score of recommended items, find the most consistent with user preference and generate a recommendation list. The traditional recommendation algorithm based on score only identifies as the nearest neighbor the users with the same score as the target users and then recommends the favorite items to the target users while ignoring the real preference of the users. Recommendation accuracy is thus low. However, the recommendation model proposed in this paper considers the implicit preference mined from user reviews and shows a good recommendation effect. Every recommended item can meet the preference requirements of users in some aspect. Compared with the traditional recommendation algorithm based on score, the recommendation method in this paper is obviously improved in accuracy and recall rate. The results of the precision and recall rates of user-based collaborative filtering, projectbased collaborative filtering and the proposed methods in this paper are shown in table 8. (3) Degree adverb polarity intensity quantification This study shows that the polarity of emotion words is easy to determine and that degree adverbs represent the degree of words or sentence which can strengthen or weaken the strength of emotion words in the application of emotion analysis. In addition, if the order of degree adverbs and negative words is different, the polarity of emotion words expressed will be greatly different. This paper gives full consideration to the influence of degree adverbs on emotional intensity, defines five polarity coefficients of degree adverbs, and considers the co-occurrence order of degree adverbs and negative words. In chapter 3.4, a somewhat innovative set of computing standards for emotional intensity that conforms to the general expression of users is designed to conduct fine-grained emotional scores and improve the accuracy of emotional analysis of user reviews.
(4) User clustering effect The recommendation model in this paper belongs to the user-based collaborative filtering approach but is different from traditional user-based collaborative filtering in that it fully considers the user preference information implied in user reviews. Traditional methods cluster users based on ratings only so that two users with completely different preferences who give the same ratings are clustered together. For example, users who habitually give favorable reviews are always grouped together even though their actual preferences and needs are very different. In this paper, a novel recommendation model based on emotion analysis is proposed. Based on the emotional score of movie features, users are clustered, and users with the same emotional preference are gathered to form a user group. Through the emotional analysis of user reviews, the fine-grained preferences of users for specific commodities are obtained for clustering and the similarity of the overall score of items by users in the traditional collaborative filtering is transformed into similarity based on the attributes and characteristics of items. At the same time, the accuracy of recommendation is improved by considering the preferences of users. By selecting the historical videos of other users with high similarity in the user group, calculating the scores of all candidate items with various features, and integrating the personal preferences of target users, group recommendation in the process of personalized recommendation is achieved. The user clustering effect has a direct impact on the movie recommendation. Therefore, the method in this paper indirectly improves the recommendation effect by effectively improving the user clustering effect.
Conclusion
Due to the ever-increasing number of people online and the diversity of Internet activity, research on improving the accuracy of persona lized recommendation can be endless. However, the current recommendation method only explores the individual needs of a user based on their past purchase behaviors and ratings and ignores personal preferences expressed in online reviews. User reviews have become a growing information carrier. It is a new perspective for personalized recommendation research to deeply explore user review content with emotion analysis as the main means.
This paper proposes a personalized recommendation model based on emotion analysis to solve the problem of information overload of users' online reviews. Taking Douban movies as an example, this paper proposes the analysis of user reviews to explore features of movies and preferences of individual users. In addition, this paper improves the extraction methods of feature words and emotion words and summarizes four syntactic dependencies. Based on the four syntactic dependencies, it carries out fine-grained analysis of user reviews to effectively improve the extraction accuracy of feature words and emotion words. In addition, considering the co-occurrence order of degree adverbs and negative words, a set of computing standards for emotional intensity that conforms to the conventional expression of users is designed to calculate fine grained emotional scores and improve the accuracy of emotional analysis of user reviews. A novel recommendation model based on emotion analysis is proposed. The model converts the similarity of the overall score of items in traditional collaborative filtering to the similarity of the score based on the attributes of items, improves the clustering effect of users, and considers the preferences of users to improve the accuracy of recommendation. Based on the emotional score of the movie features, the users were clustered, and the users with the same emotional preference were gathered to form a user group. Group recommendation was realized in the personalized recommendation process to improve the recommendation efficiency.
